Abstract
INTRODUCTION
G laucoma is a leading cause of irreversible blindness worldwide. Thus, early diagnosis of this chronic disease is of crucial importance [1] . Additionally to visual field (VF) tests obtained with standard achromatic perimetry (SAP) as functional parameters, measurements of structural variables at and around the optic nerve head (ONH) have become more and more popular given the significant advances in technology. Especially non-invasively obtained, optical coherence tomography (OCT)-based structural parameters such as the retinal thickness of the posterior pole or the retinal nerve fiber layer (RNFL) thickness can be measured precisely with an accuracy in the range of a few microns. Another huge advantage is the possibility to compare point to point in follow up examinations [2] [3] [4] [5] . Recently, the novel OCT-based parameter Bruch's membrane opening-minimum rim width (BMO-MRW) was introduced. This variable measures the shortest distance from Bruch's membrane opening (BMO) to the internal limiting membrane [6] [7] [8] using radial cross-sectional images through the ONH. The acquisition time for BMO-MRW examinations is longer than for circular RNFL measurements alone and require a better compliance of the examined patients than OCT-based RNFL measurements. BMO-MRW as a structural parameter, together with the established RNFL thickness, has been shown to successfully measure and correlate with the loss of neuroretinal tissue, which happens in glaucoma patients as well as healthy elderly [9] . Yet, the significance or extent of novelty of [10] , a VF defect suspicious for glaucoma was defined as a cluster of at least three or more non-edge-contiguous points with significantly reduced sensitivity (P<0.05), out of these one with a significance of at least P<0.01 on the same side of the horizontal meridian in the pattern deviation plot. All of the included patients in the glaucoma group and none in the control group fulfilled these criteria. Optical Coherence Tomography Measurements All included patients were imaged with conventional circular peripapillary ONH cross sectional scans using the Heidelberg Spectralis OCT with an excitation wavelength of 870 nm and 40 000 A-scans per second. Global and six sectorial (superotemporal, temporal, infero-temporal, infero-nasal, nasal, and supero-nasal) values for both, RNFL thickness and BMO-MRW (shortest distance from BMO to the internal limiting membrane) were obtained. The device-specific software-based classification scores for both parameters RNFL and BMO-MRW classified each obtained global as well as sectorial value into "within normal limits", "borderline", and "outside normal limits". Structure-function Correlations For further analysis, BCVA and global MD values of the right eye of each patient of the "glaucoma group" and the "control group" were correlated with sectorial and global RNFL and BMO-MRW measurements. Statistical Analysis Data were collected and analyzed using SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov test was used for testing for normal distribution. Correlation analyses between obtained global functional (SAP) and global as well as sectorial structural (SD-OCT) parameters were calculated. Linear regression analyses were performed for comparison between metric and nominal/ categorical data. RESULTS A consecutive series of 30 glaucomatous right eyes of 30 patients were included in this prospective study and compared to 36 right healthy eyes of 36 individuals in the control group. Patients' characteristics are given in Table 1 . The glaucoma and the control group are age-matched and show similar BCVA and IOP values. Correlation Analyses We did not find any correlations between BCVA or IOP and the structural OCT-based parameters RNFL or BMO-MRW measurements in the glaucoma group except (Tables 3, 4) . Correlation between MD and BMO-MRW was slightly better than between MD and RNFL, as can be seen in Figure 1 . In the control group, global MD values did not correlate with global or sectorial RNFL or BMO-MRW measurements.
Subgroup Analysis for Myopia
We analyzed the myopic patients (>4 diopters) within the glaucoma group (n=6). Here we found a tendency for better correlation between MD and BMO-MRW than between MD and RNFL measurements (Table 5) . DISCUSSION A clear understanding of the structure-function relationship in glaucomatous eyes remains a challenge and a subject of current and future research. The vast majority of patients with POAG reveal structural changes before functional impairments occur, while in some patients VF changes can either appear simultaneously with RNFL thinning or even precede the observed structural changes [2, [11] [12] . Despite the attempt to relate function to structure with various models [13] [14] [15] , it remains of high importance to monitor functional as well as structural parameters in patients with known glaucoma [16] . The recently introduced novel structural parameter BMO-MRW measures the shortest distance from BMO to the internal limiting membrane, and is regarded to be a sensitive and stable structural parameter in diagnosis and follow up of glaucoma patients [6, 17] .
When MD values of VF tests from patients with manifest glaucoma were correlated with both structural OCT-based parameters BMO-MRW and RNFL, we observed that sectorial structure-function analyses were inferior to global correlation analyses. Our observation of a moderate to good structurefunction relationship between global RNFL as well as BMO- MRW and VF sensitivity in the glaucoma group are in agreement with our understanding of glaucoma being a general neurodegenerative disease [18] [19] . The only exception were the temporal superior and temporal inferior sectors showing a higher structure-function relationship than the other sectors confirming our current understanding that those areas seem to be more sensitive to glaucomatous changes. When comparing OCT-based RNFL to BMO-MRW, we observed that BMO-MRW showed slightly higher correlations to functional MD values compared to RNFL but interpret those findings only as tendencies and not significant differences. Our subgroup analysis of myopic patients (>4 diopters, n=6) revealed better correlations between functional VF sensitivity and BMO-MRW compared to RNFL measurements. The temporal superior sector was the only sector to show a constant significant sectorial structure-function relationship, thus again supporting the notion of the temporal sectors of the ONH and peripapillary region to reveal a better structure-function relationship than other sectors in glaucoma patients [20] [21] .
The varying structure-function correlations between both OCT-based RNFL and BMO-MRW parameters, especially in myopic patients, can be explained with the fact, that for RNFL measurements, the peripapillary circular scan is placed manually around the ONH and does not take into account altered anatomical papillary or peripapillary structures since the predefined diameter and circular shape of the scan remain the same. In contrast, BMO-MRW measurements are based on the actual anatomical opening of Bruch's membrane of the examined eye and therefore automatically respect structural variations of the evaluated ONHs and their peripapillary structures. Recent publications have shown a decline of BMO-MRW and RNFL thickness as a natural degenerative process in healthy subjects over time. Interestingly, those changes of BMO-MRW measurements did not highly correlate with the observed changes of RNFL measurements [7] . This observed difference also might point to the above mentioned difference of the two obtained structural OCT-based parameters with BMO-MRW being less dependent on structural variations of the ONHs. Future longitudinal studies will have to compare both parameters RNFL and BMO-MRW over time in glaucoma patients with an expected necessity to adjust for age [9] and eventually also for sectors. A limitation of our one-center study is the relatively small number of patients and its cross-sectional character which does not allow for interpretation regarding possible developments over time. Another limitation is the small number of myopic patients in our subgroup analysis which does not allow to draw strong conclusions independent of the results, but provides a useful hint for a possible better suitability of BMO-MRW compared to RNFL measurements in myopic patients. This careful observation has to be evaluated in larger groups of myopic patients over time. In summary, we were able to correlate the structural OCTbased parameters RNFL and BMO-MRW to functional VF sensitivity in glaucoma patients. Both parameters RNFL and BMO-MRW seem to be similarly suitable for diagnosis in a clinical setting with BMO-MRW showing higher correlations than RNFL in myopic glaucoma patients.
